Introduction
Dimethyl ether (DME) has been widely used as the positive chemical ionization (PCI) reagent gas in an ion trap mass spectrometer (ITMS). Ion/molecular reaction products including [ + ions can be produced in the ITMS depending on the structures of compounds. However, all these studies have been undertaken in a traditional internal chemical ionization ion trap mass spectrometer. Since 1996, the Finnigan MAT Company has produced a bench-top external source ion trap mass spectrometer (GCQ). Up to date, very few studies about CIMS of the external source ion trap mass spectrometer have been reported. 22, 23 Therefore, we decided to investigate the DME CIMS in GCQ by performing ion-molecule reactions with several anthraquinone compounds.
The structures of anthraquinones are shown in Fig. 1 .
Experimental
All experiments have been performed in an external source ion trap mass spectrometer (Finnigan MAT GCQ). 22 21 In our experiments, the relative intensity of these reagent ions was also pressure dependent. The relative intensities for m/z 45, 47, 61, 91 and 93 at 1.066 × 10 -2 Pa are 100, 82, 13, 1 and 4%, respectively, while the relative intensities for m/z are 45, 47, 61, 91 and 93 at 7.998 × 10 -2 Pa are 62, 28, 100, 16 and 33%, respectively. The pressure of He was 1 mTorr. DME pressure in GCQ can be measured by using a convectron gauge, but the pressure we report in this study was measured by an ion gauge in order to measure the pressure precisely. The pressure of DME was controlled at two different levels of 1.066 × 10 -2 and 7.998 × 10 -2 Pa to examine the pressure effect. The experimental pressure range is rather small. The reason for this is that the ion gauge was installed on the vacuum chamber, rather than at the source region for GCQ. If the pressure is measured by a convectron gauge at the source region, the pressure ranges from 2.666 -10.664 Pa. The ion source was maintained at constant temperature of 200˚C by using three cartridge heaters and the source temperature was measured by the platinum probe temperature sensor. Anthraquinones were introduced to the ion source via a temperature controlled direct insertion probe (DIP). In order to obtain a good spectrum, a constant amount of sample must be introduced into GCQ, since the fluctuation of the concentration of the sample around the ion source might lead to the ionization process itself becoming unstable.
Solutions for all anthraquinones were prepared in methanol at concentrations of 3 × 10 -4 g/ml. One microliter samples of the solutions of anthraquinones (3 × 10 -7 g) were subjected to an evaporation step by a heater to eliminate the solvent. Each sample was then introduced to the ion source region of GCQ via a temperature controlled direct insertion probe (DIP).
The range of temperature for heating was from 210˚C to 370˚C, and the speed of heating was 100˚C/min. The ion injection time was 25 ms. Emodin and danthron were purchased from Sigma (Louis, MO). Purpurin, rhein and DME were obtained from Aldrich (Milwaukee, WI). Tables 1 and 2 list the results of DME CIMS of all anthraquinones at the reagent pressures of 7.998 × 10 -2 and 1.066 × 10 -2 Pa, respectively. Figures 2 and 3 show two typical spectra for DME CIMS of emodin at the pressures of 1.066 × 10 -2 and 7.998 × 10 -2 Pa, respectively. produced via a methyl addition reaction followed by loss of one molecule of formaldehyde. However, Table 2 shows that DME CIMS at 1.066 × 10 -2 Pa, molecular ions of each anthraquinone appeared as the base peak for the M +· ions of all anthraquinones except for danthron (30%). This is attributed to three reasons. First, if DME reagent gas is too low, ions may undergo direct electron impact (EI) to form M +· ions and many fragment ions. 25 Second, anthraquinones may undergo charge exchange 1 Third, the proton affinities of anthraquinones are close to that of the DME (207 kcal/mol). 25 In addition, the lower CI pressure conditions Tables 1 and 2 indicates that higher pressure conditions cause preferential formation of the protonated ions and the ion/molecular reaction productions.
Results and Discussion
The reasons for observation of the DME pressure effect are discussed below. First, in the traditional ITMS, self-chemical ionizations were observed, typically 26, 27 resulting in the formation of [M + H] + ions. But in the GCQ, only the ion/molecule reaction products and DME reagent ions were allowed to enter the ion trap; all neutral molecules were left in the source region. Second, this pressure effect might be due to the short reaction times in the GCQ. Since the product ions were introduced into the analyzer by three lenses, ions were accelerated into the ion trap mass analyzer as soon as they formed, and only stayed in the ion source for a very short time. At the higher reagent pressure of 7.998 × 10 -2 Pa, larger numbers of collisions might lead to the formation of the protonated ions and ion/molecular reaction products.
At the pressure of 1.066 × 10 -2 Pa, many fragment ions were observed. These fragmentations were dissociated from either the molecular ions (M +· ) or protonated molecules ([M + H] + ) of anthraquinones. Three reasons for this are discussed below. First, fragmentation might be due to the temperature effect of the ion source. 23 Second, it was due to the numbers of collisions when the ions traveled from the high-pressure source region (about 1.333 × 10 -1 Pa) to the low-pressure trap region (about 1.333 × 10 -4 Pa). Third, formation of the fragment ions was related to the kinetic energy of the ions and molecules in the CI source as discussed in regard to the ion trap detector (ITD). 25 Since the product ions were accelerated into the ion trap mass analyzer by three lenses, the ions obtained more kinetic energy during the acceleration. Therefore, the product ions might have dissociated into many fragment ions during the process of acceleration. At the pressure of 7.998 × 10 -2 Pa, the kinetic energy of ions in the source region can be more effectively collision-cooled (deactivated) by the DME. 25 From our study in GCQ, the standard operating pressure for EI mode of GCQ is from 3.999 × 10 -3 to 6.665 × 10 -3 Pa typically, while the best pressure range for CIMS in GCQ is approximately from 3.999 × 10 -2 to 7.998 × 10 -2 Pa typically for the series of ion-molecule reactions we have examined. These include anthraquinones, tricyclic antidepressants, flavones, flavanones and dibenzo-18-crown-6 with dimethyl ether. All compounds we have examined have shown similar results toward the DME pressure effects, except for the dopamine and adrenaline. 23 For these two compounds, nice ion/molecule reaction products and protonated molecules could be obtained even at the low DME pressure of 1.066 × 10 -2 Pa. The reason for this might be that these compounds are very basic and possess high proton affinity in the gas-phase.
Conclusion
It is true that with the external chemical ionization configuration of GCQ, the space charge effect and self chemical ionization during ion/molecule reactions in the ITMS can be avoided, and the reproducibility, sensitivity and resolution in the GCQ can be improved. However, the reagent pressure of DME must be controlled very carefully for anthraquinones in order to obtain nice CIMS spectra in GCQ. Since the pressure effect in GCQ is notable within a very small range of pressures for many compounds, this information is important to draw the attention of those using the ion trap with an external source. of the Republic of China (Grant No. NSC 89-2113-M-032-024) are gratefully acknowledged. 
